Infiltrative lipomas, similar to those described in man, were diagnosed in 12 dogs of various breeds, sexes, and ages. The neoplasms were poorly delineated, soft enlargements in muscle and connective tissue that caused dysfunction because of mechanical interference or pressure pain. The neoplasms consisted of differentiated fat cells that had infiltrated between or replaced muscle, collagen fibers or both. Single or multiple recurrences followed surgical removal in four of eight dogs; no follow-up was possible in the other four.
Infiltrative lipoma in man is a well-documented neoplasm of differentiated fat cells that infiltrate soft tissues, especially muscle, but also fascia, joint capsule, and nerve [4, 5, 7, 9, 12, 14] . Infiltrative lipomas differ from liposarcomas but do show infiltration by neoplastic cells and recur frequently after surgical removal (62.5% in one study) [3] . Clinically the condition is characterized by soft, diffuse enlargement within muscle bodies or connective tissue. The tumors cause little inconvenience until they interfere with movement or cause pressure-related pain. Histologically, well differentiated unilocular fat cells infiltrate the tissues, especially muscle, causing separation of fibers and atrophy [3] .
Infiltrative lipomas have not been reported in dogs [8, 10] but undoubtedly have been seen by veterinarians as an entity different from simple lipoma. Classic lipomas are benign, soft, moderately discrete neoplasms consisting of differentiated fat cells. They may be incompletely or well circumscribed by connective tissue and have a meager poorly vascularized stroma (8, 11). They seldom recur after surgery.
The infiltrative neoplasm we describe here differs from the classic lipoma in that adjacent tissues were widely infiltrated and recurrence after surgery was high.
Materials and Methods
Five of the 12 dogs were from the Colorado State University Veterinary Clinic and had complete records of history, procedures followed, and aftercare. Seven cases were identified from biopsy samples submitted to the Diagnostic Laboratory at Colorado State University. Four of these samples were accompanied by minimal records and there was no practical means of making follow-up studies. Dogs were observed within the last eight years and were from Wyoming, New Mexico and Colorado.
Tissues were fixed in 10% neutral buffered formalin, embedded in paraffin. sectioned at 6 flm and stained with hematoxylin and eosin (HE). Radiographs weremade with standard soft tissue techniques.
Blood serum from two dogs was evaluated with Hycel 17 (Hycel, Inc., Houston, Tex.) for enzymes. glucose. calcium phosphorus, sodium and chloride. Aspirant from three masses was taken with a 14-gauge needle and plastic disposable syringe, was smeared on glassslides and stained with HE.
Case Histories
Dog I, a I-year-old spayed female yellow Labrador Retriever, had a swollen left thigh that had been enlarging for several months. The dog was alert, had normal movement, appetite, and eliminations. No fluid or tissue was removed on aspiration of the mass and radiographic examination suggested an infiltrative soft tissue neoplasm that did not invade adjacent bones or joints. Exploratory surgery revealed massive infiltration of fat in the muscles of the thigh. Tissue sections were histologically similar to those described for infiltrative lipoma of man and to those of four other dogs. The dog was killed. Dog 2, a 4-year-old female Toy Poodle, had a lipoma removed from the pelvic cavity. Six months later the neoplasm recurred and was surgically removed. The next year the dog again had an enlarging mass in the hip region. The mass was removed and consisted of fat and muscle with changes histologically similar to those of infiltrative lipoma. Two years later there was recurrence of the neoplasm. Radiographic examination revealed a homogeneous mild radiolucency in soft tissues over the pelvis, and a biopsy of the tissue contained mature fat cells. Radiographs showed the rectum to be laterally deviated and partially obstructed by the low density mass. Radical surgery removed tissue from the hip, perineum and pelvis but the surgeon felt removal was incomplete. Two years later the neoplasm recurred, and surgery was done. Histologic changes of fat and muscle in these sections were similar to those seen in the previous removals. Dog 3, a lO-year-old castrated male Poodle, had lipomas removed from the anteromedial muscles of the thigh at six and again at nine years old. When the dog was ten years old the muscle mass recurred and another discrete lipoma was found over the scapula. Aspirant from the muscle mass contained fat cells and atrophied muscle fibers. Radical excision of the neoplasm was done and histologic evaluation showed changes similar to those of infiltrative lipoma. Four years later there had been no recurrence.
Dog 4, a 5Y2-year-old male English Cocker, had a swelling anterior to the scapula. A neoplasm clinically diagnosed as a lipoma had been removed from this area 13 months previously. Surgical removal of this recurring neoplasm exposed a mass of fat mixed with fibers of the lateral cervical and supraspinatous muscles. Histologic changes of the excised tissues resembled those of infiltrative lipoma.
Dog 5, an 8-year-old spayed female Cocker Spaniel, had an enlarged foreleg. The mass had been enlarging for about I year with no visible effects on the dog, but thereafter the dog had lameness and tenderness of the leg. Radiographs showed extensive infiltration of the muscle by fat ( fig. I) . Aspirated tissues consisted of atrophied muscle and fat, and a histologic diagnosis of infiltrative lipoma was made. High amputation was done; the excised neoplastic tissues had histologic changes similar to those described in infiltrative lipoma. Three years later no recurrence had been reported.
Data from all dogs are given in table I. 
Results
All dogs were alert and healthy and moved normally until the affected area became enlarged enough to cause pressure atrophy, pain, interference with movement, or alteration of body function. One dog was killed because of the widely infiltrative neoplasm. In muscles with heavy fascia the fatty tumor usually caused increased pressure and often pain; however, in muscles with light fascia the muscle enlarged, remained soft and was not painful. Neoplastic cells in connective tissue spread freely. Body temperature, pulse rates and hemograms were normal. Blood serum chloride and creatinine phosphokinase were slightly elevated, 113 to 118 mEq/1 and 18 to 38 mg/dl respectively; other results were within normal ranges. Aspirants from the masses consisted of differentiated fat cells and bits of atrophied skeletal muscle.
In radiographs of enlargements of the legs of four dogs, the changes were interpreted to be lipoma, infiltrative lipoma, or liposarcoma. In one case the possibility of a large abscess was suggested by clinical history and physical findings.
In ten dogs, the neoplasms were in muscles of the pelvis, thigh, shoulder and lateral cervical areas while in the other two dogs ligaments and tendon over the hock or elbow joint were affected. Neither generalized increase in body fat nor bilateral symmetry of the lesions was seen.
During surgery and on gross examination the neoplasms had no discrete margin. Soft. yellow fatty tissue extended into and separated muscle fibers and connective tissue. There were few blood vessels and little hemorrhage was seen in the tumors. Surgical removal of the tumors was difficult because of their infiltrative nature.
Histologically these neoplasms consisted of differentiated, lipid-filled fat cells with eccentric, flat, dark nuclei and slightly thickened and prominent cell membranes ( fig.  2 ). Nuclei of adjacent fat cells were near each other and infrequently had a small capillary between them. Ribbon-like arrangements or clusters of neoplastic cells infiltrated and separated the fibers of muscle, fascia, ligaments, and tendons. The muscle fibers often were shrunken with dark cytoplasm and pyknotic nuclei.
Except for the infiltrative nature of these tumors they would fit the description of lipoma or locally increased fat. No evidence of metastasis was seen radiographically, surgically or at necropsy; however, in some cases fatty tissue extended from one muscle to another, spread between fascial planes and encompassed lymph nodes.
Discussion
Neoplasms similar to the described infiltrating lipomas in dogs probably have been seen by clinicians and pathologists. Because of descriptions and reports in human and veterinary publications, they may have been classified as atypical lipomas, noncircumscribed lipomas, liposarcoma, accumulates of fat resembling lipoma, lipoma arborescens, or excessive fatty infiltration (marbling) of muscle. In the fatty tumors in our dogs the histologic characteristics more closely resembled those of the human infiltrative lipoma than those of other described fatty tumors or fat accumulations.
Lipoma and liposarcoma are the commonly recognized neoplasms of fat cells [8, 10, 11] . The infiltrative nature and high recurrence rate remove the infiltrative lipoma from the category of simple lipoma; and the benign appearance of the neoplastic fat cells distinguishes it from liposarcoma. These characteristics classify infiltrative lipoma as distinct from either lipoma or liposarcoma.
Fatty masses due to local increases in fat and obesity are neither circumscribed nor discrete; however, they do not infiltrate adjacent tissues and may be affected by an increase or decrease in overall body fat whereas lipomas are not [13J. The neoplasm under consideration is infiltrative and does not appear to be affected by the degree of body fat.
Lipoma arborescens is a fatty tumor with discrete papillary protrusions that extend from a surface into the potential lumen of joint cavities [2, IIJ. They are not infiltrative and contain more connective tissue than a lipoma or liposarcoma.
"Unusual adipose tissue" is a term used to describe a mass of fat in cervical muscles of a foal [I]. The description of this condition is similar to that of infiltrative lipoma of man and of this neoplasm in dogs.
In man, intramuscular lipomas [4, 5J and troublesome lipomas [I4J have been diagnosed since 1873 but were only "convincingly described" [sic] as infiltrative lipoma and angiolipoma in 1941 [6J. They differ histologically in that the angiolipoma contains more connective tissue and a greater blood supply than does the simple infiltrative lipoma [3] . Both forms consist of mature fat cells, which are infiltrative, non-encapsulated, and predispose to degenerative changes in the tissue they infiltrate. They may, however, differ in origin. The angiolipoma may be a hamartoma and the infiltrative lipoma is probably a true neoplasm of fat cells [3J.
Some infiltrative lipomas have occurred after surgical removal of a lipoma, suggesting that infiltrative lipomas may result from trauma (surgical or self-induced) to a simple lipoma. Facts contrary to this suggestion are that liposarcomas arise as a de novo entity and not as a transformation of lipoma [11] ; infiltrative lipomas often occur with no history of previous lipomas; and the cells of the simple lipoma and the infiltrative lipoma are histologically similar.
Because the neoplasms in these twelve dogs are not similar to the other fatty tumors in their development, location, and recurrence, and because they have been recognized in a significant number of animals, we believe they should be considered as a separate class of fatty tumor. The human intramuscular infiltrative lipoma is now an accepted diagnosis. The neoplasm in man is nearly identical to this neoplasm in the dog, therefore we propose that this type of lipoma be designated as infiltrative lipoma of the dog.
